O bjectives: Primary teeth work as guides for the eruption of permanent dentition, contribute for the development of the jaws, chewing process, preparing food for digestion, and nutrient assimilation. Treatment of pulp necrosis in primary teeth is complex due to anatomical and physiological characteristics and high number of bacterial species present in endodontic infections. The bacterial presence alone or in association in necrotic pulp and fistula samples from primary teeth of boys and girls was evaluated. Material and Methods: Necrotic pulp (103) and fistula (7) samples from deciduous teeth with deep caries of 110 children were evaluated. Bacterial morphotypes and species from all clinical samples were determined. Results: A predominance of gram-positive cocci (81.8%) and gram-negative coccobacilli (49.1%) was observed. In 88 out of 103 pulp samples, a high prevalence of Enterococcus spp. (50%), Porphyromonas gingivalis (49%), Fusobacterium nucleatum (25%) and Prevotella nigrescens (11.4%) was observed. Porphyromonas gingivalis was detected in three out of seven fistula samples, Enterococcus spp. in two out of seven samples, and F. nucleatum, P. nigrescens and D. pneumosintes in one out of seven samples. Conclusions: Our results show that Enterococcus spp. and P. gingivalis were prevalent in necrotic pulp from deciduous teeth in boys from 2 to 5 years old, and that care of the oral cavity of children up to five years of age is important.
INtrODUctION
Since primary teeth work as guides for the eruption of permanent dentition and contribute to the development of jaws, chewing process, preparing food for digestion and nutrient assimilation, they are important for childhood. Premature loss of teeth can produce change in the eruption guide of the permanent tooth, which can cause phonetic disturbances and harmful oral habits, such as tongue interposition, and aesthetic consequences 3 . Dental biofilm on occlusal surfaces of primary teeth is associated to active carious lesions 2 . The exposure of pulp tissue to the oral environment will allow that oral microorganisms have access into pulp chamber, producing necrosis 10 . The treatment of pulp necrosis, particularly in primary teeth, is very complex due to anatomical and physiological characteristics, making the access to the root canal difficult 13 . Treatment of primary endodontic infections is based on the elimination of the root canal infection; although no protocol or techniques for canal instrumentation have been observed 16 . Bacterial species such as Enterococcus faecalis has been reported in high prevalence in primary endodontic infections affecting Turkish children 15 . The presence of different bacteria involved in endodontic infections of primary teeth, such as pulpitis, pulp necrosis and apical lesion has been reported 17, 20, 21 ; however, microbiological data of fistula are scarce.
Anaerobic bacteria, especially black-pigmented gram-negative rods, are implicated in the development of the acute periradicular inflammation, producing symptoms such as pain, swelling, tenderness and exudation 12 . Microorganisms found in the root canals of primary teeth are similar to those in the root canals of permanent teeth, and black-pigmented anaerobes have been isolated
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(30% to 50%) from endodontic infections 24 , but no relationship between any bacterial species and the etiology of pulp infection have been showed, although there is evidence that black-pigmented anaerobes are implicated in the development of DFXWH SHULUDGLFXODU LQÀDPPDWLRQ 26 . In this study, the bacterial presence and the different morphotypes in QHFURWLF SXOS DQG ¿VWXOD IURP SULPDU\ WHHWK ZHUH determined.
MATERIAL AND METHODS

Patients and clinical samples
A total of 110 children (69 boys and 41 girls), aged from 2 to 12 years old, with clinical and radiographic signs of necrotic pulp or fistula, observed at the School of Dentistry of the Federal University of Espírito Santo (Vitória, ES, Brazil), were selected. All children presented primary teeth with deep dental caries and dental pulp exposed to oral environment. Some children presented vestibular ¿VWXOD LQ JLQJLYDO DUHD $ VLQJOH FOLQLFDO VDPSOH was collected per child. No child used antibiotics at least three months prior to the sample collection. Children presenting intact teeth, dental pain at oral examination or any chronic disease were excluded.
Necrotic pulp samples (35 maxilla and 68 mandible region) from 103 children, and gingival ¿VWXODV PD[LOOD DQG PDQGLEOH UHJLRQ IURP FKLOGUHQ ZHUH FROOHFWHG 1HFURWLF SXOS RU ¿VWXOD samples were collected by using two sterile paper points (Nº. 15, Dentsply, Petrópolis, RJ, Brazil). Initially, tooth and pulp chamber were isolated by UXEEHU GDP DQG WKH WRRWK DQG WKH VXUURXQGLQJ ¿HOG were cleansed with 3% hydrogen peroxide and decontaminated with a 1% sodium hypochlorite solution for 1 min. The sterility of the tooth surface after cleaning and disinfection was evaluated by samples taken from the surface and processed by 3&5 %HIRUH FROOHFWLQJ ¿VWXOD VDPSOH DQWLVHSVLV with iodine (2%) for 1 min was performed. Sodium hypochlorite and iodine solutions were neutralized with sodium thiosulfate (5%) for 30 s. In dry root canal, one drop of sterile saline (0.9%) was added, DYRLGLQJ ÀRRGLQJ 27 . The paper points were left in wet canal for 60 s and then transferred to tubes FRQWDLQLQJ / RI 7( $OO FOLQLFDO VDPSOHV ZHUH analyzed within 4 h after collection. All children's guardians signed a consent form approved by Committee for Ethics in Human Research of the Institute of Biomedical Sciences, University of São Paulo (Process N° CEH/678).
Bacterial morphotypes from pulp necrotic DQG ¿VWXOD VDPSOHV
Bacterial morphotypes were directly determined from collected samples by using Gram and BrownBrenn staining. The stained smears were observed and photographed with a light microscopy (1000 X DMIL Leica, Wetzlar, Germany).
Bacterial DNA detection from pulp and ¿VWXOD VDPSOHV
Clinical samples were collected and resuspended in 100 μL of sterile ultrapure water (Milli-Q, Millipore, Bedford, MA, USA) and boiled for 10 min. After centrifugation, the supernatant (DNA) was obtained and stored at -80°C. DNA concentration and purity were determined by spectrophotometer (A 260nm ) and electrophoresis in 1% agarose gel.
PCR assays were performed in a thermal cycler (Perkin Elmer Gene Amp PCR System 2400, Norwalk, &7 86$ ZLWK ¿QDO YROXPHV RI μL containing 1X PCR buffer, 0.2 mM of dNTP mixture, 0. 
Statistical analysis
The cumulative frequency of distribution and chi-square test were used to verify the bacterial occurrence vs. age and sex. P-values less than 0.05 ZHUH FRQVLGHUHG DV VWDWLVWLFDOO\ VLJQL¿FDQW
RESULTS
In this study, the lower molar teeth showed a high incidence of pulp necrosis (66%), followed by upper molars (24.1%) and incisors (4.7%). The SUHVHQFH RI ¿VWXODV ZDV RIWHQ REVHUYHG DW XSSHU molars (57.4%), followed by lower molars (28.6%) and upper central incisor (14.3%). Enterococcus spp. and P. gingivalis were prevalent in necrotic pulp of children from 2 to 5 years old, followed by children from 6 to 9 years and 10 to 12 years old. (P DQG IURP WR \HDUV P were observed (Table 2) .
Different bacterial morphotypes in necrotic pulp DQG ¿VWXOD VDPSOHV ZHUH REVHUYHG *UDPSRVLWLYH cocci were predominant (81.8%), followed by gramnegative coccobacilli (49%) and gram-positive bacilli (15.5%) ( Figure 1A ). In addition, the occurrence of gram-positive cocci and gram-negative coccobacilli GLG QRW SUHVHQW VWDWLVWLFDOO\ VLJQL¿FDQW YDOXHV IRU sex or age (P $VVRFLDWLRQV RI GLIIHUHQW bacterial morphotypes were also observed ( Figure  1B) .
Bacterial DNA was detected in 88 out of 103 QHFURWLF SXOSV DQG LQ ¿VWXOD VDPSOHV E\ XVLQJ the universal primers. In necrotic pulp samples, Enterococcus spp. (50%), P. gingivalis (48.9%) and F. nucleatum (25%) were predominantly found (Figure 2A) spp. was higher in boys than girls and presented VWDWLVWLFDOO\ VLJQL¿FDQW YDOXHV P KRZHYHU QR VLJQL¿FDQW GLIIHUHQFH UHJDUGLQJ DJH P was observed. In Figure 2B , 
DISCUSSION
In this study, children presented high incidence of dental caries with necrotic pulp at mandible molars. It may be explained by the food retention and poor oral hygiene in children of this age, producing large DFFXPXODWLRQ RI GHQWDO ELR¿OP 2 .
In adults, the occurrence of bacterial morphotypes in primary endodontic infections has been described, and they are represented by cocci, bacilli, spirillum DQG ¿ODPHQWRXV IRUPV 19 . In children, the presence of different morphotypes in oral infections of primary teeth, such as caries followed by pulp necrosis, has also been observed 20 . Studies have shown that in root canals of primary teeth with necrotic pulp there is predominance of anaerobic microorganisms, similar to the microbiota of permanent teeth 21 . In addition, the presence of different microorganisms in canal or necrotic pulp can represent the maintenance of infection or any synergistic infection.
Gram-positive cocci and gram-negative coccobacilli appear to be able to colonize necrotic SXOS DQG ¿VWXOD WLVVXHV DORQH RU V\QHUJLVWLFDOO\ DQG may collaborate for the maintenance of infection 16 . The lack of endodontic treatment may alter the development of permanent tooth and, also, increase root resorption, leading to premature loss of deciduous teeth.
Different bacterial species belonging to genera Prevotella, Porphyromonas, Fusobacterium, Treponema, Campylobacter, Enterococcus, Tannerella and Dialister KDYH EHHQ LGHQWL¿HG LQ adults with primary endodontic infections 14, 22 . In this study, the primers used presented high sensitivity for detecting enterococci 10 from root canal. The presence of Enterococcus spp. was observed in 50% of pulp necrotic samples, and most of them (19%) were not associated with other bacteria; it may lead to the progression of a chronic disease 14 . On the other hand, Siqueira, et al. 20 LGHQWL¿HG WKH SUHVHQFH RI E. faecalis in root canal samples (7.5%) and asymptomatic lesions (11.5%) by using a checkerboard DNA-DNA hybridization.
Studies have shown that enterococci isolated from foods are able to colonize the oral cavity, suggesting that these microorganisms can survive in dental biofilm, participating of endodontic infections 1, 25 . In addition, it was reported that E. faecalis isolated from necrotic root canals and fecal material of adults with endodontic infection did not present any genetic similarity, suggesting an exogenous contamination, mainly by industrial food 25 . On the other hand, enterococci have been found in 52.5% of dairy foods, such as milk and cheese, and it was suggested that the consumption of foods containing enterococci could collaborate with the increase of E. faecalis in necrotic pulp; KRZHYHU LW LV QRW IXOO\ GH¿QHG 6 . The high prevalence of Enterococcus spp. and P. gingivalis observed in necrotic pulp of children from 2 to 5 years old can be explained E\ GLI¿FXOW\ WR SHUIRUP HIIHFWLYH WRRWK EUXVKLQJ Microbiological studies showing the bacterial prevalence in deciduous teeth with pulp infections are scarce. Since E. faecalis can acquire resistance to antimicrobials commonly used in endodontic treatment 15 , the detection of this microorganism from different endodontic infections is of interest.
The presence of black-pigmented anaerobic rods, such as Porphyromonas spp. and Prevotella spp. has been associated with primary endodontic infections and acute periradicular abscesses 5 . It may suggest a possible cross infection between root canal and periodontal pocket. In addition, several possible ways to access the pulp are suggested, such as root canals, dentin, cement, and physiological areas of root resorption 14 . The presence of P. gingivalis has been shown in endodontic infections affecting approximately 27% of the deciduous teeth 8, 27 ; however, in this study, this microorganism was observed in 49% of the analyzed necrotic pulps, and this result is similar to that found in adults 22 . In addition, pulp samples harbored P. nigrescens (11%), P. intermedia (6%) and P. endodontalis (11%), and, certainly, their association with other bacteria may contribute to the pathogenicity and maintenance of the infectious process.
Bacterial associations such as Porphyromonas spp./Prevotella spp. and P. gingivalis/Enterococcus spp. were detected, suggesting that these microorganisms are able to survive in necrotic tissues, alone or in association. The availability of nutrients, low oxygen tension and bacterial interactions are important ecological determinants for these bacteria in root canals with necrotic pulp 24 . Fusobacterium nucleatum colonizes the oral cavity, and has often been isolated from primary endodontic infections in adult patients 7 . This microorganism has been found in between 4% and 18% of the pulp infections of deciduous teeth 27 . In this study, F. nucleatum was found in 25% of the necrotic pulps, alone or in association with Enterococcus spp. and/or P. gingivalis. Synergistic association between F. nucleatum and P. gingivalis has been described in various forms of periodontitis, DQG DVVRFLDWHG WR WKH GHQWDO ELR¿OP IRUPDWLRQ 18 . Spirochetes such as Treponema denticola and Treponema socranskii have been detected in 77% of adults with primary endodontic infections, and both bacteria are considered prevalent in these infectious processes. Species of Treponema have been found in 2.6% of the pulp infections of deciduous teeth 27 . Notwithstanding, P. gingivalis and Treponema spp. are considered important microorganisms in patients with adult periodontitis 22 , but the presence of T. denticola has been detected in small proportion and in association with P. gingivalis, Enterococcus spp. or P. nigrescens. It is suggested that bacterial DVVRFLDWLRQ FRQWULEXWHV WR WKH SDWKRJHQLF ELR¿OPV formation. In this study, the low detection rate (2.3%) of Tannerella forsythia, Campylobacter rectus and Eikenella corrodens is in accordance with the literature 17 . Recently, Campylobacter spp. was detected in 3.3% of children with endodontic abscesses 27 . Dialister pneumosintes has been observed in children and young adults with gingivitis and periodontitis, as well as lung and brain abscesses, and root canal 4 ,Q WKLV VWXG\ RQO\ RQH ¿VWXOD sample harbored D. pneumosintes in association with P. nigrescens. Both microorganisms have been isolated from primary endodontic infections, mainly in periapical lesions, and their presence in association can suggest any synergistic effect in the infected sites.
Aggregatibacter actinomycetemcomitans is a capnophilic bacteria which is considered a causal agent of localized aggressive periodontitis in young adults; the absence of this bacterium in the analyzed samples can be explained by the fact that this microorganism is not able to survive in the root canal 18 . Studies have associated the failure of endodontic treatment in adults with the presence of E. faecalis. This microorganism shows high resistance to calcium hydroxide and irrigating solutions commonly used in endodontic treatment 12, 15 . In addition, this bacterial resistance may also occur in treatment of primary teeth, producing a persistent infection. On the other hand, it has been pointed out that some chemical substances commonly used in endodontic treatment can produce changes in the physicochemical properties of dentin, microbiota, bacterial adherence DQG ELR¿OP IRUPDWLRQ 9 . Enterococcus faecalis, P. gingivalis and F. nucleatum were found in high numbers, and their presence may contribute to the development of chronic infections, such as gingivitis or periodontitis. Since the presence of Enterococcus spp. and P. gingivalis in pulp and fistula samples from deciduous teeth was observed, a possible bacterial synergism inside the root canal is suggested, and, certainly, it might increase their resistance against the antimicrobial agents most commonly used in Pediatric Dentistry.
